Purpose: Rural women have high prevalence of obesity and prehypertension. Obesity, if associated with poor physical function, may have implications for applying activity guidelines for women volunteering for lifestyle modification. This study examined associations of body mass index (BMI) and percent body fat with measures of 1-mile walk time, post-walk perceived exertion, and 10-repetition chair stands in rural women aged 40-69. Methods: Crosssectional baseline data were collected using standardized methods from 289 rural women with prehypertension who volunteered for a lifestyle clinical trial for reducing blood pressure. Analyses of variance (ANOVA) and linear regression were used for analysis. Results: With exception of the chair stands measure across categories of BMI, group differences were noted in all measures across categories of BMI and percent body fat, with women in the two highest categories demonstrating the poorest performance. These two body composition measures were significant predictors for 1-mile walk time and 10-repetition chair stands, after controlling for confounding variables. Conclusions: Poorer scores were observed in performance-based measures in women with higher BMI and percent body fat, though mean scores were above thresholds for functional limitation. Physical performance needs to be assessed and addressed by physical therapists when providing lifestyle interventions for overweight and obese women.
INTRODUCTION
According to data from the National Health and Nutrition Examination Survey (NHANES), middle-aged adults have the highest prevalence of obesity and the prevalence of obesity is higher in rural women than urban residents. 1, 2 Rural midwestern women have documented higher rates of overweight and obesity, poorer self-reported health, and less access to preventive services compared to their urban counterparts. 3, 4 As such, women in underserved rural communities have been targeted as priority populations for research to address cardiovascular risk and other health disparities by agencies with the US Department of Health and Human Services, such as the National Institutes of Health and the Agency for Healthcare Quality and Safety. 5, 6 The increased prevalence of obesity in midlife and older adults is a concern as there is compelling evidence of a strong association between obesity and impaired physical function in later life. 7, 8 Physical function refers to a person's ability to perform activities of daily living, and impaired physical function is commonly measured using selfreport or performance-based measures of gait or muscle strength. [7] [8] [9] [10] In an analysis of 13 cross-sectional and 15 longitudinal studies of men and women over 60, Vincent and colleagues 10 reported a consistent finding that walking, stair climbing, and chair rise ability are compromised with obesity especially if BMI is greater than 35 . Obese women appear to be at higher risk for mobility impairment than men. 8 The majority of studies investigating associations between obesity and physical function have been conducted in older populations (> 60 years) and/or defined physical function via self-report, or used physical performance tests appropriate for sedentary adults or individuals with chronic diseases. 7, 8, [11] [12] [13] [14] [15] [16] [17] Examples of performance-based measures used in prior studies of sedentary or older adults include the Timed Up and Go Test and the 5-repetition timed chair stands; measures that may not distinguish ability among middle-aged individuals and/or individuals who have higher functional capacity as well as the more challenging physical measures of 1-mile walk time and 10-repetition timed chair stands. 18, 19 Obesity is most frequently defined by body mass index (BMI) because it is an easy to assess and convenient measure, although prior studies of the relationship between obesity and physical function more frequently examine fatness by normal weight, overweight, and obesity without specifically distinguishing function across all categories of obesity (obesity I 30-34.9 kg/m 2 , obesity II 35-39.9 kg/ m 2 , and obesity III > 40 kg/m 2 ). 20 The National Institutes of Health BMI-based classification for obesity (≥30 kg/ m 2 ) may significantly underestimate the prevalence of obesity, especially in postmenopausal women, when compared to categorizing obesity using percent body fat measurement methods. [21] [22] [23] Body fat categories are defined as fit (<25%), overweight (25-29.9%), obese (30-39.9%), morbid obese (40-44.9%), and super obese (>45%). [21] [22] [23] No studies were found in the literature that examined the relationship of physical function with weight categories defined by percent body fat. There is merit to investigating associations of physical function across both methods of weight categorization, as percent body fat may be more reflective of the relative loss of lean body mass associated with health risks, and BMI is more practical for use in the clinic. [21] [22] [23] Initial baseline findings reported about this sample of rural women indicated that a large percentage were obese whether classified by NIH-based BMI (41.8%; n = 127) or percent body fat (94%; n = 273), although our work has not distinguished the prevalence of obesity across the 5 categories of BMI or percent body fat nor did it examine the physical performance measures reported in this study. 4 As noted by Ling and colleagues, 16 current activity recommendations do not distinguish between overweight and obese weight classes in terms of achieving functional mobility outcomes such as daily moderate physical activity for 30 minutes or taking 10,000 steps daily, [24] [25] [26] despite current research showing individuals with Class III obesity having greater numbers of chronic conditions and additional barriers to activity. As successful adoption and maintenance of healthy activity and higher fitness among middle-aged women is associated with lower burden of chronic conditions in older age, 9, 27 it is highly relevant that practitioners are aware of any associations between obesity and function in order to establish individualized realistic activity expectations and goals for women who are motivated to volunteer for lifestyle interventions.
This study fills gaps in the literature as it examines physical function with the higher spectrum of ability across all 5 categories of BMI and percent body fat, respectively, in a large cohort of midlife and older rural women who were eligible and motivated to volunteer for a lifestyle modification intervention to reduce their blood pressure as part of a community-based clinical trial.
The specific aims of this study were (1) to assess measures of 1-mile walk time, post-walk perceived exertion, 10-repetition chair stands, and waist circumference in midlife and older rural women with prehypertension across all 5 categories of BMI and percent body fat, respectively, and (2) to examine the associations of BMI and percent body fat with the 1-mile walk time and 10-repetition chair stands. We hypothesized that increased body composition would be related to decreased physical performance on functional measures in this population, even after adjusting for other expected confounding variables (age, education, income, comorbidity, and smoking) associated with physical performance. 18, 19, 28 
METHODS

Design
This study analyzed cross-sectional baseline data of women who met eligibility criteria for and provided informed consent to participate in the Wellness for Women: DASHing Toward Health community-based clinical trial (Trial registration: ClinicalTrials.gov identifier: NCT00580528) with baseline assessments conducted 2007-2008. Briefly, this trial compared the effectiveness of a theory-based, tailored, 12-month lifestyle modification intervention for reducing blood pressure, using distance delivery methods via web or mailed-print, as compared to standard advice only among rural women with prehypertension (systolic blood pressure of 120-139 mmHg and/or diastolic blood pressure of 80-89 mmHg). 29 The lifestyle modification followed the Dietary Approaches to Stop Hypertension (DASH) that included evidence-based recommendations for levels of physical activity. 30 This approach is the primary recommendation for reducing blood pressure in women with prehypertension. The study received approval by the Institutional Review Board at the University of Nebraska Medical Center.
Participants
Women were recruited at free blood pressure screenings held at local health fairs, craft shows, and other social events. If the blood pressure screenings revealed a woman's blood pressure readings were from 10 mmHg below to 10mmHg above the prehypertension systolic range or 5 mmHg below to 5 mmHg above the prehypertension diastolic range, the woman was briefly informed about the study.
Women who expressed interest were asked to provide contact information and were asked to follow-up with a screening interview to establish eligibility for the study. If determined eligible through phone screening, women were then requested to attend two visits one week apart to assess blood pressure by research nurses at our local research office to confirm their prehypertension status blood pressure following standardized procedures for blood pressure assessment, after 5 minutes of quiet sitting. 31 The baseline blood pressure recorded was the mean of the two final blood pressure measurements across the two visits. Participants were asked to avoid caffeine, exercise, and smoking for at least 30 minutes prior to blood pressure measurements.
The eligibility criteria included being willing and able to adopt the DASH eating and activity plan and being able to walk one-mile continuously without use of an assistive device. Women were asked to obtain medical clearance from their physician to participate unless they answered "no" to all questions on the Physical Activity Readiness Questionnaire (PAR-Q). 32 Women were excluded from the study if they were taking antihypertensive medication, including diuretics or systemic glucocorticoids or if they were insulin-dependent to manage diabetes. Smokers were permitted to enroll with smoking status noted.
Data were collected on 289 rural women with a mean age of 56.4 years (SD = 6.3). These women were primarily non-Hispanic white (97.2 %), married (83%), employed outside of the home full-or part-time (79%), had some education beyond high school (82%) and lived in a household with $40,000 income or more (71.2%) (see Table 1 ). When women were asked whether they had ever been told by a physician they had common physician-diagnosed medical conditions, 63% (n=181) reported having none, 25% (n=73) reported one condition, and 12% (n=35) reported having 2 or more conditions. Of those reporting a medical condition, arthritis was reported by 23% of the women.
Tests and Measures
Body composition was measured in 3 ways: body mass index, percent body fat, and waist circumference. Height and weight measures for BMI calculations and percent body fat were measured using the Tanita Model TBF-215 (Tanita Corporation of America, Inc., Arlington Heights, IL) following the manufacturer's recommendations using at least two trials of measurements until two exact measures of height were obtained. The BMI was calculated as weight in kilograms divided by height in meters-squared. 20 To address the issue of hydration status that influences measurement of percent body fat via bioelectrical impedance, women received instructions to fast within 4 hours of the assessments, not to exercise within 12 hours of testing, avoid alcohol or diuretics before testing, and to void the bladder within 30 minutes of the bioelectrical impedance analysis. 33, 34 This measure does underestimate percent body fat compared to the underwater weighing and dual X-ray absorptiometry (DXA) methods; however, it has been shown to detect similar changes in percent body fat during weight loss in obese women that were comparable to the magnitude of change as determined via DXA. 34 Waist circumference was measured by placing a tape in a horizontal plane around the abdomen at the level of the iliac crest. The tape was snug and parallel to the floor but was held without skin compression. The measurement was taken at the end of expiration, with the average of two trials recorded. 20 Women were asked to walk as fast as possible over a 1-mile distance within an indoor corridor of the building while being timed, following the protocol of the 1-mile submaximal walk test which has high test-retest reliability in this population. 18, 35 We reported their results as minutes to complete the walk and converted the results to gait speed (m/s) to assist in interpretation. Upon completion of the test, women were asked to rate their exertion using the Borg rating of perceived exertion 6-20 scale, which is a widely used reliable tool that has been associated with physiological measures of exercise intensity. 36 The 10-repetition timed chair stand test was selected as a measure of lower extremity strength due to its documented reliability and validity, as well as the feasibility of its use in midlife and older rural women. 19, 37 Women were instructed to have arms crossed over their chest and were timed during completion of 10 full stands performed as quickly as possible, using a standard height armless chair placed against the wall. One practice stand was conducted prior to testing.
Analysis
IBM SPSS Statistics, Version 19 for Windows (SPSS Inc, Chicago IL) was used to analyze the data. To address the first purpose of this paper, analysis of variance was used to compare all measures across the 5 categories of BMI and percent fat, respectively, with Bonferroni post-hoc analyses used for pair-wise comparisons. Linear regression analyses were used to examine the associations of body composition, measured as either BMI or percent fat, with each of the physical performance measures. Four analyses were conducted: (1) BMI predicting 1-mile walk time, (2) percent fat predicting 1-mile walk time, (3) BMI predicting timed chair stands, and (4) percent fat predicting timed chair stands. Because the literature indicates the relationship between age, function, and socioeconomic variables with physical performance, 8, 18, 19, 21, 22, 28 each analysis was structured as a hierarchical model controlling for age, education, income, comorbidity, and smoking. The same set of control variables was entered at step 1 in each of the 4 analyses. At step 2 of each analysis, the specific measure of body composition (BMI or percent body fat) was entered. An alpha of 0.05 was used for all analyses.
RESULTS
All categories of obesity were represented in this sample of 289 rural women, whether classified by BMI or percent body fat. Greater numbers of women were classified in the two highest categories of obesity when defined by percent body fat as ≥ 40% (n = 167, 57.7%) than when defined by BMI of ≥ 35 kg/m 2 (n = 45, 15.6%). Women classified as obese (30-39.9%) by percent fat classification had a mean BMI (25.9 kg/m 2 ) that would be considered overweight by BMI classification. Using the criterion established for metabolic syndrome, 76.8% (n = 222) had a waist circumference > 80 cm. Overall, the mean scores for the 1-mile walk test and the 10-repetition timed chair stands were 17.6 minutes (SD = 1.9; range = 13.8-26.5 minutes) and 18.0 seconds (SD = 4.5; range = 9.6-33.8 seconds), respectively. Mean scores for perceived exertion post 1-mile walk were 12.1 (SD=1.7; range=7-17), with the mean consistent with moderate intensity activity defined as "somewhat hard." There were 32 women who were unable to complete the 1-mile walk in 20 minutes or less. Table 2 summarizes characteristics of the women and their physical function across BMI categories. The ANOVA results show differences in all measures across the BMI categories except for timed chair stands. Pairwise comparisons for the 1-mile walk times indicate differences between all groups except between obese I and obese II categories. Women in the obese III category had a mean 1-mile walk time of 20.8 minutes compared to 16.3 minute mean for those in the normal weight category.
When examining physical performance across categories of percent body fat (Table 3) , ANOVA found group differences in all measures except for age. Women who were classified as morbid obese (40-44.9% fat) or super obese (> 45% fat) had poorer performances for 1-mile walk time compared to other groups, including those in the obese category (30-39.9% fat). Pairwise comparisons also revealed that women categorized as super obese (> 45% fat) reported higher perceived exertion and longer times to complete chair stands than those in the lowest obese category (30-39.9% fat). Tables 4 and 5 show the results for the hierarchical regression analysis investigating the association between the body composition measures with the 1-mile walk time and 10-repetition timed chair stands, respectively. For 1-mile walk time, age, income, and comorbidity remained significant at step 2 for both BMI and percent body fat; whereas for 10-repetition chair stands, only age and smoking were significant at step 2 for both body composition measures. After adjusting for differences in age, education, income, smoking, and comorbid conditions, the two body composition measures remained significant for predictors of both dependent measures. For the 1-mile walk test, BMI increased the adjusted R 2 by 0.15 to 0.40. The unstandardized coefficient of BMI was 0.19 (p < 0.001), indicating that for every one point of BMI increase, the time to walk a mile increased by 0.19 minutes (~11.4 seconds). The BMI also increased the adjusted R 2 of timed chair stands from 0.12 to a total R 2 of 0.15. The unstandardized coefficient of BMI on timed chair stands was 0.16 (p = 0.001), indicating that for every one point of BMI increase, the time to perform 10 chair stands increased by 0.16 seconds.
In the equation predicting time to walk a mile, percent fat increased the adjusted R 2 from 0.15 to 0.31. The unstandardized coefficient of percent fat was 0.13 (p < 0.001), indicating that for every one percent increase in body fat, the time to walk a mile increased by 0.13 minutes (~8 seconds). Percent fat also increased the adjusted R 2 of timed chair stands by 0.12 to a total R 2 of 0.19. The unstandardized coefficient of percent fat on timed chair stands was 0.20 (p < 0.001), indicating that for every one percent increase in body fat, the time to perform 10 chair stands increased by 0.20 seconds.
DISCUSSION
This study examined the relationship between two measures of body composition (BMI and percent body fat) and physical performance measures among midlife and older rural women with prehypertension who were motivated to volunteer for lifestyle modification to reduce blood pressure. Overall, this cohort of women had a high prevalence of obesity, regardless of how obesity was defined, and they were healthy, with 63% having no self-reported medical conditions. The results indicate that obesity, regardless of categorization method, related to the physical function in this cohort, particularly at the two higher categories of obesity. That women with these high levels of obesity would volunteer for lifestyle modification and complete these physical measures is encouraging.
The mean scores for the entire cohort for the walk-time and chair stands were similar to those reported by our team in a separate clinical trial for promoting healthy eating and activity that involved rural women ages 50-69, regardless of blood pressure status, who were from different regions of the state. 37 In the current study, group differences were noted in measures of walk-time and perceived exertion post-walk across categories of BMI and percent body fat, whereas group differences were observed in timed chair stands across categories of percent body fat only.
Our findings are similar to the available normative data that indicate age-related declines are expected for the measures selected, and that other factors such as education, income, smoking, and comorbidity may also influence physical performance. 18, 19, 28 Age and smoking explained variance at step 2 in all the regression models. Income and comorbidity explained variance only in the 1-mile walk time. Education was not significant in any of the models, perhaps due in part to the large percentage of women (n=237, 82%) having some education beyond high school.
In all regression models, both measures of obesity explained additional variance in 1-mile walk time and timed chair stands after adjustment for age, education, income, and comorbidity. These findings are meaningful. For example, the regression models for BMI predict a difference in performance in 1-mile walk time by nearly one minute (57 seconds) and a difference in 10-repetition chair stands by 1-second for a 5-unit change in BMI, the amount of BMI change equivalent to a BMI weight reclassification. To aid in interpretation, literature on the 1-mile walk test <0.001 a All groups are significantly different (p < 0.001); b All groups are significantly different (p < 0.001) except for normal weight compared to the overweight group; c The normal weight group is significantly different than the morbid obese and the super obese groups (p < 0.05); The overweight group is significantly different than the super obese group (p = 0.04). The obese group is significantly different than the morbid obese and super obese groups (p < 0.001); d The normal weight group is significantly different than the morbid obese and super obese groups (p < 0.05); The overweight group is significantly different than the super obese group (p = 0.02); The obese group is significantly different than the morbid obese and super obese groups (p < 0.001); e The obese group is significantly different than the super obese group (p < 0.001); f The normal weight group is significantly different than the morbid obese and super obese groups (p < 0.04); The obese group is significantly different than the super obese group (p = 0.003). g For obese group (n = 105).
shows for healthy adults, ages 30-69, the mean walk time increases by nearly 30 seconds for every decade in age. 18 Research findings on the 10-repetition chair stands test indicates for healthy women, ages 20-85, the mean time is approximately 1-second greater for every 5 years in age. 19 The regression models for percent body fat offer similar predictive changes as the BMI regression models for the 1-mile walk time and chair stand measures. Group differences were noted for leg strength for categories of percent body fat but not BMI, with mean scores ranging from 12.2 seconds (SD = 1.6) for women categorized as normal weight (< 25% fat) to 19.6 seconds (SD = 4.6) for those categorized as super obese (>45% body fat), respectively. The scores we observed in women classified as super obese were similar to performances observed in individuals aged 70 in the original study by Csuka and McCarthy. 19 As noted by Bouchard and Janssen, 9 individuals with increased fat and decreased muscle strength have a greater decline in physical function than those with only an increase in percent body fat or a decrease in strength. Our research design did not address this issue. Our findings raise questions as to whether obese women who volunteered for this study had a higher level of muscle strength than other women in the community with similar age, obesity, and prehypertension, and/or whether obese women who have a certain threshold of aerobic capacity and/or muscle strength would be more likely to enroll in a lifestyle intervention. Though declines in gait speed were noted in 1-mile walk times across both body composition categories, all groups had the ability to walk at a pace of 3 mph or faster, with the exception of women in the BMI obese III group (>40 kg/ m 2 ) who averaged 1.3 m/s with walk times of 20.8 minutes, which is close to a threshold consistent with functional limitation as reported by others for much shorter distances (8-30 meters). 8, 10 The perceived exertion for completing the 1-mile walk was highest for those in the highest categories for both BMI and body fat, with average perceived exertion post-walk between "somewhat hard" and "hard (heavy)." When examining the net metabolic rates of women during walking, Browning and colleagues 38 found that the relative aerobic effort required to walk at a preferred speed is greater in obese versus normal weight women, which may explain our findings of increased perceived exertion with slower walk times. As noted in a 2011 ACSM Position Stand, 26 relative intensity may be appropriate for goal setting in deconditioned individuals and exercise recommendations should be modified according to an individual's habitual activity, physical function, and health status.
The bioelectrical impedance method used in this study was appropriate for a field-based study yet it has a large standard of error compared to DXA, though we did follow testing procedures for reducing errors due to hydration status. Shah and Braverman 21 suggest that BMI may ignore the influence of muscle loss in aging women. Our findings would support this as women in the lowest obesity category by body fat (30-39.9%) had an mean BMI of 25.9 (SD = 2.4) which is similar to the revised BMI score (≥ 25 kg/ m 2 ) recommended for defining obesity in postmenopausal women, suggesting that the revised BMI score may be helpful to practitioners when defining obesity in a similar population. 21 The uniqueness of this study is that it examines the association of obesity and physical function across all categories of BMI and percent body fat using challenging performance measures that have not been reported in prior research, and it involves a large cohort of rural women from a vulnerable population. However, limitations are noted for this study. The cross-sectional design limits any interpretation for cause and effect. Our women were motivated to begin a lifestyle intervention to address their prehypertension and they met strict inclusion criteria, limiting the generalizability of our findings to the overall population of the region. There was potential for misclassification of women to weight categories, particularly the percent body fat categories, as we used a measure of bioelectric impedance suited for a field-trial as opposed to a more complex measure such as DXA. Though not collected in this cohort, accelerometerreported physical activity may provide further insight into the association of obesity with physical function, and collection of such data would be recommended in future studies.
CONCLUSIONS
This study examined the obesity, by BMI and percent body fat, and physical function in a cohort of rural midlife and older rural women who were prehypertensive, able to walk 1 mile unassisted and motivated to enroll in lifestyle intervention. Women in the two highest categories of obesity, whether determined using BMI or percent body fat, met the inclusion criteria and enrolled in the program. Obesity, regardless of measurement method, was related to poorer performances in 1-mile walk times and 10-repetition chair stands in the highest weight categories, with implications for practitioners to assess and address physical performance in overweight and obese women when providing lifestyle modification interventions.
